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The results of a simplified technique for safe
carotid stenting in the elderly
Dimitrios Christopoulos, MD, PhD,a,b and Eugenios Philippov, MD,b Thessaloniki, Greece
Purpose:The purpose of this study was to report the preliminary experience of a modified transcervical carotid angioplasty
and stenting (CAS) technique with filter protection and flow reversal only during filter placement in patients unsuitable
for transfemoral CAS and at high risk for carotid endarterectomy (CEA).
Patients and Methods: Twenty-five of 132 patients, aged 75 to 86 years old, with severe carotid stenosis had been selected.
Eighteen patients had transient ischemic attacks (TIAs) in the last month and seven patients were asymptomatic. Patients
with limited life expectancy were not included. The common carotid artery (CCA) was mobilized and cannulated. The
flow in the internal carotid artery (ICA) was reversed by occluding the proximal CCA and connecting the introducing
sheath to a blood transfusion bag positioned close to the floor, instead of returning it directly to the venous system. This
produced retrograde flow in the ICA in all patients as a result of greater pressure gradient. The carotid filter was inserted
to the distal ICA under retrograde flow and then antegrade flow was resumed and CAS was performed. All patients were
autotransfused except for four patients who had severe renal insufficiency to avoid readministration of contrast media.
Results:All procedures were successful except in one patient converted to open endarterectomy because of CCA dissection
(technical success rate 97.5%) and one patient who had a TIA involving the right hand 10 hours after CAS and recovered
completely after 3 hours (event rate 2.5%). Reversed flow was visualized with intraoperative angiography in the ICA in
all patients. Twenty-two patients were discharged the next morning and three (12%) on the following day because of
hypotension. The duration of reversed flow was 1 to 4 minutes (mean, 1.5 minutes), the amount of blood collected was
100 to 400 mL (mean, 250 mL), and none of these patients had any hemodynamic disturbance during the procedure.
Creatinine levels showed no increase postoperatively in either patient. The patients were followed-up clinically and with
color Duplex scan for 3 to 24 months, so far, and they are free of symptoms or significant restenosis.
Conclusion: The results of this preliminary study indicate that the transcervical approach with flow reversal during the
insertion of the protecting filter allows CAS with minimal interruption of cerebral circulation and is simple and safe in
patients unsuitable for CEA and transfemoral CAS for anatomic reasons. Further research with randomization and with
pre-procedure and post-procedure diffusion-weighted magnetic resonance imaging (DW-MRI) is required in order to
expand the indications of this method. (J Vasc Surg 2011;54:1637-42.)
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aIn contrast to previous multicenter studies,1,2 the Ca-
rotid Revascularization Endarterectomy versus Stenting
Trial has shown that the results of carotid angioplasty and
stenting (CAS) are comparable with those of carotid end-
arterectomy (CEA).3 However, in this study, CEA was
deemed preferable in elderly patients mainly because with
advanced age there is an increased incidence of arch elon-
gation and calcification4-6 as well as tortuosity of the carotid
arteries,4,7 which may lead to a higher incidence of stroke.
Bazan et al6 has found a statistical relationship between
increasing aortic arch calcium and incidence of type II arch
with age. Bovine arch and type III arch is considered at high
risk for transfemoral CAS especially in patients with exces-
sive arch calcification.4,5,8 Manipulation in these arteries
with wires and catheters is correlated with significant ipsi-
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doi:10.1016/j.jvs.2011.06.025ateral or bilateral brain embolization,4,5,8 either because of
mboli dislodgment or because of thrombus formation as a
esult of dissection and endothelial damage.4 Ulceration of
he carotid lesion is also more prevalent in elderly patients
nd may explain the increased risk of CAS in these patients5
ecause the plaque may be more fragile and crossing the
esion for filter insertion may cause brain embolization.
The transcervical approach avoids arch manipulations,
hus eliminating the incidence of embolization occurring
uring transfemoral CAS.9-17 Using this technique in a
eries of 48 octogenarians unsuitable for transfemoral CAS,
araglia et al9 has reported a 2.1% incidence of ischemic
vents and 13.8% incidence of intraoperative embolization
ates, measured by diffusion–weighted-magnetic resonance
maging (DW-MRI).9 Palombo et al10 compared filter
rotected transcervical with transfemoral CAS and have
ound a significant decrease in transient ischemic attacks
TIAs) and stroke (2.3% vs 19.8%; P  .01), as well as
ostprocedure brain embolization in DW-MRI (14.3%
s 36.8%; P  .015) after the transcervical procedure. By
sing this technique, microembolization had probably
ccurred during crossing the carotid lesion for filter
nsertion.9,10
Carotid flow reversal by occluding the common carotid
rtery (CCA) and creating a fistula between this artery and
he jugular vein has the advantage of crossing the lesion
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December 20111638 Christopoulos and Philippovunder retrograde flow. This technique has been applied to
a relatively small number of patients with good clinical
results in terms of ischemic events and mortality.11-16 In
the study of Leal et al,16 with DW-MRI, performed in 30
patients before and after the procedure, silent new infarcts
were found in only 12.5% (because new cerebral ischemic
infarcts appear at rates of 37% after CAS and 10% after CEA,
according to a systematic review of Schnaudigel et al18).
However, this procedure is applicable only if there is adequate
brain perfusion from the opposite carotid and the vertebral
arteries for a mean time of 15 to 22 minutes.11-16,19 In a
series of 76 patients undergoing carotid revasculariza-
tion, Pipinos et al19 have found that 9% of these patients
had evidence of poor intracranial collaterals on magnetic
resonance angiography (MRA) or computed tomogra-
phy angiography (CTA) evaluation.
Antegrade flow to the internal carotid artery (ICA)
from the external carotid artery (ECA) during CCA occlu-
sion, despite the function of the fistula, has been observed
in a number of patients. This requires either balloon occlu-
sion of the ECA12,13,20 or suction during crossing the
lesion.15
In a recent study, we have used retrograde ICA flow by
creating a fistula between the CCA and the jugular vein,
only for the time required to cross the carotid lesion for
filter insertion (mean time 1.5 minutes).20 As mentioned
above, in about one-third of the patients, flow reversal to
the ICA was not achieved because there was flow from the
ECA to the ICA and the ECA had to be occluded. This was
related with manipulations to the carotid bifurcation and
difficulty to insert another sheath especially in CCAs of
small diameter.
In order to overcome these problems, we thought of
cannulating the CCA only, and directing the retrograde
flow toward a blood transfusion bag positioned as low as
possible so that the pressure gradient ensures reverse ICA
flow to all patients. The patients could be autotransfused
after the procedure.
The purpose of the present study was to report the
preliminary experience of this modified technique of CAS
and assess its feasibility, safety, effectiveness, and complica-
tions. The ethics committee has allowed us to apply this
technique in a selected group of elderly patients unsuitable
for a transfemoral CAS and at high risk for CEA.
METHODS
During the period January 2008 to December 2010,
we performed 132 carotid interventions for severe carotid
disease of which 64 were CEAs and 68 were CAS. Twenty-
five of the patients selected for CAS were considered not
suitable for transfemoral approach because of obstructed
(seven patients) or tortuous iliac arteries (two patients),
bovine arch (four patients), type II or III arch (seven
patients), excessive arch calcifications covering more than
50% of the arch (19 patients), and/or tortuous CCAs (15
patients). More than two of the above factors were present
in most patients (11 patients had two factors, eight patients
had three factors, and one patient had four factors). In cddition, theywere considered at high risk forCEAbecause of
ecurrent stenosis after CEA performed 3 to 5 years ago (five
atients), occlusionof the contralateral carotid (nine patients),
tenotic lesion aboveC2 (six patients), and chronic respiratory
roblems (three patients). The stress test or thallium dipyrid-
mole test was found positive in 15 patients. However, no
atient had an ejection fraction50%.
Patients with a limited life expectancy (American Society
f Anesthesiologists physical status classification [ASA] 3),
tenosis 50% in the origin of the CCA or the innominate
rtery, according to MRA (with Siemens Avando 1.5 Tesla;
iemens Medical Solutions USA Inc, Malvern, Pa) and/or
TA (with General Electric Light Speed VCT-64; GE
ealthcare), kinking of the distal ICA, heavily calcified, or
ype I uniformly echolucent carotid plaques, according to
eroulakos et al,21 ICA takeoff at an angulation of 60 to 90
egrees, long carotid lesions 2 cm, and patients with low
ifurcation, according to color Duplex scanning, were not
ncluded in the study.
There were 17 men and eight women, 75 to 86 years
ld (mean age 79). All patients had stenosis of the ICA of
0% to 90% in color Duplex scan examination, according to
icolaides et al.22 CTA and/or MRA has been used for
maging of the aortic arch and its branches and for confir-
ation of the results of color Duplex scanning of the
arotid arteries in all patients, except in four patients with
igh creatinine levels despite treatment, in order to avoid
dministration of contrast media. In these patients, the
olor Duplex scan was repeated by another investigator in
rder to confirm the critical stenosis of the ICA as well as
he level of the bifurcation and the condition of the oppo-
ite carotid arteries.
Eighteen patients had ipsilateral TIAs in the last month
nd seven were asymptomatic. All patients were ex-smokers,
1 were hypertensive, eight were diabetic, seven had coronary
ypass performed 2 to 9 years ago, nine had coronary angio-
lasty and stenting 3 to 10 years ago (one of them has had a
ontralateral TIA during the procedure), one had a prosthetic
itral valve, 15 had hypercholesterolemia controlled with
tatins, three suffered from chronic respiratory insufficiency,
nd seven had creatinine levels 1.5 mg/dL at admission.
hese symptomatic patients with renal impairment were
reated with acetylcysteine (TrebonN) and good hydration in
rder to reduce creatinine below 1.2 mg/dL. This was
chieved in three patients but not in the other four in whom
he creatinine levels remained high (1.5-1.9 mg/dL) despite
reatment. Although patients with renal dysfunction are not
onsidered for CAS, we decided to include these four patients
n the studywhenwe realized that therewas no hemodynamic
isturbance during reverse flow and most of the contrast
aterial could be withdrawn to the collecting bag. Creatinine
evels were measured 24 and 48 hours after the procedure.
Preoperatively all patients were on aspirin 100 mg,
lopidogrel 75 mg, and statins (simvastatin or atorvastatin)
n order to keep low-density lipoprotein cholesterol at
evels of 70 mg/dL. The patient with the prosthetic mitral
alve was on acenocoumarol, which was replaced by sub-
utaneous enoxaparin (12,000 IU/day) and aspirin (80
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Volume 54, Number 6 Christopoulos and Philippov 1639mg/day) with gastroprotection in the perioperative period.
The patients were informed about their diseases, treatment
modalities, and risks, and consent was signed.
The procedure was performed in an operating theater
equipped with mobile C-arm (Siemens Arcadis; Siemens
Medical Solutions USA Inc). Local anesthesia was per-
formed in three patients with respiratory problems and
general anesthesia in 22 patients, in accordance with the
anesthetist’s judgment, considering that any complication
during this new procedure could be better managed.
The surgical technique has already been described,20
although some modifications were introduced. A 2- to
3-cm incision was made at the base of the neck, over the
sternocleidomastoid muscle, which was retracted laterally.
The CCAwas exposed andmobilized. At this site, the CCA
was in good condition in all patients, without atheroma or
other lesions. An elastic loop was placed around the prox-
imal CCA. A self-retaining retractor was placed at the
wound. Heparin was administrated intravenously in order
to achieve activated clotting time at levels of 250 to 300
seconds. Blood pressure was monitored with an arterial line
in 12 patients and by frequent noninvasive measurements
in the remaining 13 patients. No cerebral monitoring has
been used.
The CCA was cannulated with an 8F  11-cm sheath
(Boston Scientific super sheath; Boston Scientific Corp,
Natick, Mass). The sheath had to be tied to the self-
retaining retractor with 0-silk in order to avoid accidental
dislodgment, because it was only 1 to 2 cm inside the lumen
(Fig). The sheath was connected through a three-way tap,
with a blood transfusion bag (Kawasumi blood bag, Thai-
land) which was positioned as low as possible. Arteriogra-
phies were performed and the best projection of the carotid
lesion was selected. The CCA was occluded proximally by
pulling on the elastic loop and retrograde flow was estab-
Fig. The common carotid artery (CCA) was mobilized in the base
of the neck, surrounded with elastic loops, and cannulated. The
introducing sheath is fixed to the self-retaining retractor with 0-silk
in order to avoid accidental dislodgement.lished toward the transfusion bag. Bolus normal saline was niven during flow reversal. Reversed flow was visualized in
he ICA on fluoroscopy after injection of 3 mL of contrast
edia. No flow from the ECA toward the ICA was ob-
erved in any patient. The protecting filter (Accunet –
bbott Laboratories, Abbott Park, Ill, or EPI – Boston
cientific Corp) was introduced through the 8F sheath to
he ICA and opened at the distal part of the vessel. Predi-
ation has not been required in any patient. The connection
ith the transfusion bag was then occluded and antegrade
owwas resumed by releasing the occlusion in the proximal
CA. A self-expanding stent was placed over the lesion
Acculink – Abbott or Wallstent  Boston Scientific) and
alloon dilatation was performed. Atropine was adminis-
rated intravenously in case of bradycardia during dilata-
ion. The protecting filter was removed after satisfactory
ompletion angiography. Up to 25% residual stenosis was
cceptable. Nitroglycerine solution was administrated in
ase of spasm in the distal ICA. The introducer sheath was
ithdrawn after simultaneous repair of the puncture of the
CA with previously placed Z stitches of 5-0 polypropyl-
ne. The self-retaining retractor was removed and the
ound was closed after meticulous hemostasis and dense
uturing to prevent hematoma formation.
Autotransfusion followed in all patients, except in four
ith creatinine 1.5 mg/dL. In these four patients, even
he diagnostic angiography was performed with proximal
CA occlusion and most of the contrast media returned
nto the collecting blood transfusion bag.
The patients were discharged on aspirin 100 mg, clopi-
ogrel 75 mg and statins at the preoperative dose, except
he patient with the prosthetic mitral valve in whom enoxa-
arin was replaced by acenocoumarol after the interven-
ion, when international normalized ratio was 3, and was
ept on aspirin (80 mg) and statins for life.
The patients were scheduled to be followed up clini-
ally and with color Duplex scans at week 1, and months 1,
, 6, and 12 after discharge, and once a year thereafter.
ESULTS
Intraoperative angiography confirmed the findings of
he preoperative assessment. There have been no deaths,
trokes, or cranial nerve injuries. All procedures were tech-
ically successful with the exception of one patient con-
erted to CEA because of dissection of the CCA and
nother one who had ipsilateral TIA 10 hours after the
rocedure. Therefore, technical success rate was 97.5% and
vent rate was 2.5%.
The dissection occurred during cannulation, in a 78-
ear-old woman, and was diagnosed on angiography
hrough the sheath. The sheath was pulled out under
roximal control; the artery was allowed to back bleed for a
ew seconds so that retrograde flow would collapse the false
umen. Proximal and distal control was applied and the hole
f the artery was extended and sutured in a way that the
ntima flap was well fixed. There was good flow in the CCA
fterward and no evidence of blood under the adventitia. A
ew skin incision was performed in the upper part of the
eck, because there was a high bifurcation, and carotid
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December 20111640 Christopoulos and Philippovendarterectomy had followed. No shunt has been used
because the back pressure was 55 mmHg. The arteriotomy
was closed with a venous patch. Recovery was uncompli-
cated and there have been no problems in the follow-up
period (6 months).
The other patient was an 80-year-old man. There was a
motor deficit in the right hand, which recovered completely
after 3 hours. He had an open cells stent (Accunet) because
of tortuous carotids. Brain CT scan was urgently performed
and was similar to the preoperative one. The patient was
seen by the neurologist and discharged on the following
day. He remains free of symptoms so far (15 months after
CAS).
The mean time for the surgical exposure was 10 min-
utes (range, 8-12 minutes). The mean time of flow reversal
was 93 seconds (range, 64-156 seconds) and themean time
of the whole procedure was 46 minutes (range, 32-63
minutes). The amount of contrast media was 20 to 45 mL
(mean, 28 mL) and radiation time was 160 to 280 seconds
(mean, 220 seconds). The amount of blood collected was
100 to 400 mL (mean, 250 mL). No hemodynamic distur-
bance was noticed during reversed flow. Preoperative Hb
was 12.3 to 15.1 g/dL (mean, 13.7) in the autotransfused
and 11.2 to 13.3 g/dL (mean, 11.5) in the nontransfused
patients. Postoperatively it was 11.7 to 14.3 g/dL (mean,
13.3) in the autotransfused and 10.3 to 11.4 g/dL (mean,
10.8) in the nontransfused patients.
In three patients, the distal ICA was poorly visualized
after the procedure. The proximal CCA was then occluded,
the connection with the bag was opened, and the filter was
safely removed under retrograde flow. In one patient, there
was excessive debris into the filter and in the other two
patients there was spasm which resolved after injection of
nitroglycerine solution. Bradycardia was observed during
balloon dilatation in seven patients and controlled with
intravenous administration of 0.5 mg of atropine. Postop-
erative hypotension was recorded in 12 patients (systolic
blood pressure [BP]100 mmHg). Two of these patients
were the nontransfused renal patients; hemoglobin, how-
ever, was 10.5 g/dL and no blood was given. Hypoten-
sion was well controlled in the recovery room, in which the
patients remained for up to 2 hours. The patients were
transported to the wards and remained under close obser-
vation. There was no further BP reduction, except in two
patients who had a systolic 90-100 BPmmHg for 24 hours
and one patient who had a systolic BP80mmHg and had
to go to the intensive care unit for 12 hours. Creatinine
levels showed no increase in either patient postoperatively.
Twenty-two patients were discharged the following
day. The remaining three patients were discharged on the
second postoperative day after hypotension had been fully
controlled. None of these three patients belonged to the
nontransfused group of renal patients. Minor wound he-
matomas were present in six patients, in whom there was
bruising at 2 to 3 cm around the incision. None required
reintervention or any special treatment.
During the follow-up period of 3 to 24 months (mean,
9 months), no patient has had cerebral ischemic or cardiac pvents. Color Duplex scan showed no significant restenosis
70%), according to Zhou et al,23 and there was no flow
isturbance in the CCA or pseudoaneurysms in the punc-
ure site.
ISCUSSION
CEA is the gold standard for treatment of severe carotid
tenosis. However, it is not without complications and
imitations. On the other hand, transfemoral CAS is corre-
ated with a higher incidence of brain microembolization,
specially in the elderly.18 According to recommendations
f Narins and Illig24 and of the Expert Consensus Docu-
ent of Carotid Stenting of the American College of
ardiology,25 CAS and CEA are complementary tech-
iques: CEA should be preferred in patients with difficult
rch, excessive vessel tortuosity and calcifications, difficult
ascular access as well as renal dysfunction and (transfemo-
al) CAS should be preferred in patients with recurrent
tenosis, high lesions, contralateral carotid occlusion, and
evere cardiac or pulmonary diseases. There is a group of
atients, however, like the patients of the present study,
ith contraindications for both techniques.
Transcervical CAS with surgical cutdown and cannula-
ion of the proximal CCA has been attempted either by
irect filter insertion to the distal ICA,9,10 or by ICA flow
eversal.11-16 In the first technique, the carotid lesion is
rossed unprotected, and in the second technique, one
rolonged retrograde flowmay produce brain damage. In a
ecent study, we have managed to reduce the time of flow
eversal only for the time required to cross the ICA lesion
or the insertion of the carotid filter (mean time 1.5 min-
tes) and this has made this technique applicable to patients
ith reduced intracranial collaterals and occlusion of the
pposite ICA.20 However, we had noticed that in 6 of 20
atients the flow in the ICA was not reversed despite the
cclusion of the proximal CCA and the function of the
stula, because there was flow from the ECA to the ICA.
his has been observed by other investigators as well12,13
nd required occlusion of the ECA, making the technique
ore complex and introducing a risk of brain embolization
uring the manipulations in the carotid bifurcation. There-
ore, in the present study, we decided to direct the reversed
ow toward a blood transfusion bag, positioned as low as
ossible. The pressure gradient had ensured retrograde
CA flow to all our patients. The amount of blood collected
as 100 to 400 mL (mean, 250 mL) in 64 to 156 seconds
mean, 93 seconds), and did not produce any hemody-
amic disturbance.
CAS is contraindicated in patients with renal impair-
ent mainly because of the nephrotoxicity of the contrast
edia.24 We considered that we could treat with this
echnique the symptomatic patients with renal dysfunction
t high risk for CEA by withdrawing the dye. These patients
ere not autotransfused, because there was no hemody-
amic disturbance. The creatinine levels did not increase
fter the procedure and hemoglobin levels were over 10.3
/dL. However, transfusion should be considered, de-
ending on the amount of blood collected, the hemody-
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Volume 54, Number 6 Christopoulos and Philippov 1641namic stability of the patient, and the degree of renal
insufficiency.
The technique we have used is new and we wanted to
give it the best chance to succeed. Therefore, the selection
of patients was made mainly on anatomic abnormalities.
Although 15 patients had a positive stress test or Thallium
scan, no patient was in cardiac failure or in urgent need for
cardiac intervention. In addition, carotid bifurcation was
selected to be easily crossed avoiding patients with acute
ICA takeoff. General anesthesia was preferred in the pa-
tients without respiratory insufficiency, because the anes-
thetist considered that possible problems with the hemo-
dynamic stability of the patients and the cardiac function
during the procedure would be better controlled. Another
advantage was that most patients remained still and, as the
crossing of the lesion was straightforward, the radiation
time and the amount of contrast media remained low.
Local anesthesia, however, allows us to monitor the cere-
bral function. Because we have had no problems so far, and
we have been accustomed with the technique, we intend to
use local anesthesia in the future, as we did in the patients
with respiratory insufficiency in this series.
CCA cannulation may be complicated with dissection,
which may occur immediately, as happened to our patient,
or diagnosed at a later stage requiring urgent surgery.15
Post-procedure brain embolization was also noticed in one
of our patients 10 hours after CAS. This complication has
been observed mainly with open cell stents,18 which are
more flexible, however, and follow the carotid tortuosities.
The limitations of this study were the small number of
selected patients and the short follow-up. It is not a com-
parative study with CEA or transfemoral CAS. Theoreti-
cally, compared with CEA, there is less surgical trauma, less
postoperative pain, no nerve injuries according to the re-
ported series,9-16,19,20 and shorter hospital stay. However,
the atheroma remains in the ICA and microembolization,
despite the use of the filter or through the stent during or
after the procedure, remains a problem.17,18 Compared
with transfemoral CAS, it avoids groin complications, it
is feasible in patients with no femoral access, it avoids
manipulations in the arch and in tortuous CCA as well as
crossing the lesion unprotected, and it can be applied in
patients with renal impairment, because most of the
contrast media is withdrawn. However, surgical expo-
sure is required and it is uncomfortable when it is per-
formed under local anesthesia.
The results of this preliminary study indicate that the
transcervical approach with flow reversal during the inser-
tion of the protecting filter is a simple and safe alternative
for carotid stenting for the patient with anatomic reasons to
avoid CEA or transfemoral CAS. Further research with
randomization and with pre-procedure and post-procedure
DW-MRI is required in order to expand the indications of
this method.
We are grateful to Dr Lina Christopoulou for her help
with the manuscript and to Professor A. N. Nicolaides for
his encouragement.
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